Introduction
Since the discovery of the giant Girassol oil (Navarre et al., 2002) field in the late '90s and the series of later discoveries, Block 17 offshore Angola has become the theater of intense seismic activity. TotalFinaElf (TFE) and CGG have been working closely, each in their own specialized area, to design and implement specific techniques for the development of these fields. The 1996 seismic dataset had shown its limitations for defining and understanding the geometry of the various reservoirs encountered during exploratory drilling. Because of the high production cost of the deep offshore Girassol field 1500m), a workplan was drawn up in which seismic would play a key role in optimizing the development strategy and reducing risks (Beydoun et al., 2002) .
high-resolution 3D
To gain a better understanding of the reservoir, modeling and simulation work was performed and demonstrated that high-resolution (HR) seismic data would provide a more accurate image of the reservoir. The results of this HR survey (Beydoun et al. 2002) had a significant impact on the updating of the Girassol reservoir model by allowing the clear identification of the superimposed channelling, including the upper system made up of four depositional sequences which were the key target of the production team (Figure 1 ). 
4D seismic
The field development plan took into account the local environmental constraints imposing the recycling of production gas. Re-injection of the gas into the reservoir is a way of achieving this and the injection must be controlled and monitored. Time-Lapse or 4D seismic surveys offered the necessary tool by providing a seismic image which could be used to monitor the changes and movement of fluids in the reservoir. Dynamic reservoir modelling simulated the pressure variations within the reservoir (depletion) and allowed modelling of the corresponding seismic responses. The results clearly showed a definite "4D response" linked to fluid saturation changes as well as to pressure variations. On the strength of these results the reservoir monitoring project was defined and 4D acquisition was programmed very early in the field life (late 2002), about a year after production had started.
People usually think about 4D at the end of a field's life, years after production has started and declined, as a way to identify possible by-passed oil to revive production. In the Girassol case, it was decided, for two main reasons, to shoot the repeat 3DHR only a year after production had started and less than a year after gas injection. The first reason is to monitor the effect of gas injection in a highly heterogeneous turbidite environment. This had to be done without delay as the gas effect on amplitudes occurs extremely rapidly as soon as saturation changes. The second reason is that, in such a deep offshore environment as the Girassol field, 4D is part of the development plan in the early stages to optimise well implantation. The cost of a repeat survey is much less than the price of a well. The return on investment is expected to be significant. 
Preparation
Not only was data acquisition optimized to ensure maximum repeatability between surveys, but the processing sequence was carefully re-investigated during 2002 to ensure the highest possible signal-to-noise ratio at the reservoir level.
The presence of acquisition footprints had been observed on the 1999 HR data and it was feared that it would have a quantitative and qualitative impact on the amplitude variations to be measured by the 4D seismic in the reservoir. Simulations indicated probable variations of the order of 20-30%. Thus a decision was taken at the end of 2001 to reprocess the 1999 HR data with the aim, not only of solving the "footprint" problem, but also of applying new processing technologies, such as geostatistical analysis, high-resolution tau-p demultiple and 4 th order NMO, in order to obtain an "ideal" 3D cube to serve as the basis for monitoring Girassol. The result was deemed to be excellent" in terms of the definition of the turbidite channels and the relevance of the AVO information provided (Figure 2 ). This new information helped to improve the simulated 4D responses.
Extremely intense activity on the Girassol zone (laying out of bundles and pipes, drilling ships, FPSO operations, etc.) occurred at the time of scheduled acquisition and almost jeopardized the repeat survey acquisition. In the end, it left only a very short two-week acquisition window for the seismic survey. This was the minimum time required but it appeared to be sufficient. The dual 1530 cu.in. airgun array was towed at a 3.5 m depth and fired at a 12.5 m interval. The eight streamers of 2550 m length were towed at a 4 m depth and with a separation of 50 m. The shallow source and streamer depth had a maximum theoretical response at approximately 100 Hz. This was important in order to increase the high frequencies. The cross-line sampling benefited from the smaller streamer separation, while the fold coverage and hence the signal-to-noise ratio was improved with the shorter shot interval. Strict acquisition specifications were applied and monitored using CGG's onboard processing facility based on the Geovecteur software.
Processing
TotalFinaElf Angola required delivery of a preliminary representative 4D result within four weeks of the last shot being fired. The aim was to see what kind of information could be obtained in the shortest reasonable time to visualize the impact of six months of gas injection on the dynamics of the fluids.
To do so, both CGG and TotalFinaElf knew that a shortcut would have to be taken and that this data set could not be used as a reference data set, either for AVO analysis or for impedance inversion. It was decided to process data on a Very Fast Track (VFT) basis in order to obtain C33 migrated stack images of the Base and Repeat surveys in 4 weeks. The images were to be used only for preliminary qualitative analysis. In parallel, a second processing (Fast Track processing in 11 weeks) was initiated for use as the reference seismic data set for qualitative and quantitative analysis. A third processing (with 4D analysis and noise reduction applied at every steps) has also been considered.
Very Fast Track (VFT) Processing
The sequence designed in 2002 for the reprocessing of the 1999 data was, after being checked and validated, deliberately simplified. This was fully justified by the weak lateral variation in the velocities and the weak dips in the zone and the effect on quality was perfectly measured and controlled. This simplified sequence, known as VFT processing, was applied to the 1999 base survey data prior to the start of the acquisition. The availability of this VFT processing sequence and the swift response of operations in Luanda between the Fohn and the processing center led to the delivery of the On the basis of this new information, but also to ensure maximum repeatability as CGG had already shot the base survey in 1999, TotalFinaElf decided to award the second HR survey of Girassol to CGG. For this second seismic survey, the CGG Fohn, which did the previous acquisition, was mobilized in December 2002 to conduct acquisition work in the same conditions as before. "Monitor" stack cube in less than two weeks. The poststack operations involving geostatistical destripping and matching between the "Base" and Monitor" cubes were performed rapidly. The 4D signature was produced and delivered in less than four weeks after the final shot.
The very short turnaround time required the use of effective 4D control tools to monitor the convergence of the "Base" and "Monitor" results at each processing stage to guarantee the validity of the results. One example of these tools is shown in Figure 3 where using a crossplot of Predictability vs Normalised RMS enables the similarity of the two volumes to be tracked. As the similarity increases the spread of points moves towards Predictability =1.0 and NRMS =0.0. The final blue dots illustrate the high quality of the final matched volumes.
Conclusion
The Girassol project team and its partners in the project have been very excited by initial results Figure 6 ). This excitement has not evaporated since they have started looking the VFT data (cf Dubucq et al., 2003) , in anticipation of the full processing and impedance and AVO analysis.
The tools were so effective that it was possible to monitor how the progression of the intermediate results ( Figure 4 ) followed the fundamental principle of 4D seismic, which asserts that no signal should be seen above the reservoir Figure 5 ).
A clear reservoir signature is visible on the VFT 4D difference data and there is already a high degree of confidence that valuable reservoir information will be extracted from the 4D signature to help further optimise the development and monitoring of the Girassol field. Interpretation of VFT data is only a preliminary step in the 4D interpretation process. Meanwhile, the quality of the VFT C33 migrated stack obtained has enabled TotalFinaElf Angola to prepare and optimise the analysis to be performed on the Fast Track data, due to arrive soon. VFT data has already shown a lot of information, which requires careful consideration, as the nature of the Girassol sand is such that AVO and impedance analysis are compulsory. For the time being, we can assert that the VFT processing has brought a significant amount of qualitative information very rapidly (4 weeks after last shot) and at a low cost:
• gas bubble extension, • presence of preferentially depleted areas, • preferential drains, • small scale heterogeneity, • pressure effect limits, • necessity to work with AVO and impedance to reach the quantification level. 
